Barnes and Marsh 1998). The T-helper type 2 (Th2) cells, which release mainly interleukin-4 (IL-4) and interleukin-5 (IL-5), are responsible for the deviation of the immune system toward atopicity, with increased total serum IgE levels (Biedermann and Rocken 1999) . When IL-4 engages its receptor complex (IL4RA), the phosphorylation, dimerization, and nuclear localization of the signal transducer and activator of transcription 6 (STAT6) protein results in the transcription of the ε gene (Nelms et al. 1998; Izuhara et al. 2000) . Accordingly, STAT6 (Ϫ/Ϫ) mice failed to develop a Th2 response and demonstrated a lack of IgE production (Shimoda et al. 1996) . Moreover, mice treated with IL4RA antagonists also showed a decrease in atopic phenotypes (Tomkinson et al. 2001) .
Recently, various genetic studies have shown that polymorphisms in IL4Rα are associated with atopic disorders (Ober et al. 2000; Takabayashi et al. 2000) . Similarly, the genomic region harboring the STAT6 gene (12q21.2) has also been found to be associated with such disorders (Tamura et al. 2001 ). In addition, several functional polymorphisms that lead to aberrant expression and signal transduction resulted in atopic phenotypes (Hackstein et al. 2001; Mitsuyasu et al. 1999) . In contrast, these genes were not found to be associated with atopy in a Caucasian and Japanese study (Duetsch et al. 2002; Tanaka et al. 2001 ). Thus, the positional candidate gene approach for dissection of such complex disorders will require the identification of informative single-nucleotide polymorphisms (SNPs) in various populations.
Here, we report the presence of polymorphisms (SNPs, simple repeats, and AluY) spanning a total of 147 kb in IL4RA and STAT6 genes of the Indian population and the predicted haplotypes.
Subjects and methods
Unrelated atopic and control individuals were selected using a questionnaire for obtaining details pertaining to migration status, ethnicity, and clinical phenotyping IDs: ss#5105839, 5105840, 5105841, 5105842, 5105843, 5105844, 5105845, 5105846, 5105847, 5105848, 5105849, 5105850, 5105851, 5105852, 5105853, 5105854, 5105855, 5105856, 5105857, 5105858, 5105859, 5105860, 5105861, 5105862. Abstract We report here the identification of 26 singlenucleotide polymorphisms (SNPs) spanning a total of 147 kb in two candidate genes, IL4RA and STAT6, for atopic disorders. Fourteen novel SNPs were found in our population. We also report the identification of three novel polymorphic (CA) repeat regions in these genes. No insertion/deletion polymorphisms in AluY elements were detected. The encoded proteins of these two genes are part of a single signaling pathway, and therefore, functional polymorphisms in these genes could potentially lead to higher risk and susceptibility to atopic disorders. We also examined the allelic frequency and haplotypes of these polymorphisms in a control population. These data will be potentially useful for association studies designed to inves
Introduction
Atopy is the basis for the development of various diseases such as dermatitis, rhinitis, and asthma (Cookson 1999; (Nagarkatti et al. 2002) . Based on these parameters, all individuals were grouped as North Indian samples. The average age of the controls was 27.5 years (8.5 years) and the sex ratio was 0.59 : 0.41 (M : F). All individuals gave their informed consent and the institutional ethics committee approved the study. DNA was isolated using a standard protocol. Sequences were downloaded from National Centre for Biotechnology Information Entrez (STAT6, Accession number AH006951; IL4RA, Accession number AC004525). Primers were designed to screen by sequencing the complete coding regions, extensive parts of the intronic region, and the promoter region for putative polymorphic elements. A total length of 38.83 kbp was sequenced, encompassing a genomic region of 147 kbp (location and nucleotides of sequencing primers for IL4RA and STAT6 can be obtained from the author on request at bghosh@cbt.res.in). Putative repeats and Alu Y elements were identified using the RepeatMasker software (http:// ftp.genome.washington.edu/RM/RepeatMasker.html). Repeats were genotyped on an ABI377 Sequencer (Genotyper 2.0; Applied Biosystems, Foster City, CA, USA), using a universal M13 sequence tagged to the forward primer (Neilan et al. 1997) . The repeat sizes were confirmed by sequencing homozygous individuals. Sequencing was carried out using specific primers on an ABI 3100 capillary sequencer (Applied Biosystems) for 35 atopic asthmatic and 35 control individuals. Scoring of the identified SNPs was carried out using single-base extension reactions by SNapshot kit (Applied Biosystems) on DNA samples of nonatopic individuals (n ϭ 94). The polymorphisms in the promoter regions and Alu elements were screened for transcription-factor binding sites using MatInspector 2.2 based on TRANSFAC 4.0 (Quandt et al. 1995) . The haplotypes for IL4RA and STAT6 polymorphisms were estimated using Phase Ver 1.0 (Stephens et al. 2001) . Linkage disequilibrium (LD; two loci) was measured using the standardized disequilibrium denoted by DЈ (Ott 1999) .
Results and discussion
To identify polymorphisms in IL4RA and STAT6, we sequenced 70 individuals. We identified 14 novel SNPs in our populations that were not reported elsewhere (Table 1) . We also confirmed the presence of 12 known polymorphisms in these two genes, as summarized in Table 1 . All the polymorphisms were found to follow Hardy-Weinberg equilibrium (P Ͼ 0.05). Sixty-two percent of the SNPs detected in IL4RA were transitions, of which 77% were identified in the coding region. Except for a novel coding SNP (a 92 548-bp position C/T transition, both coding for asparagine) all SNPs were nonsynonymous ( Table 1) .
The high heterozygosity index (Het; 0.82) of IL4RA R2 indicates this locus to be highly informative for genetic studies. A novel polymorphic CA repeat region was identified 2.3 kb upstream of the 5Ј untranslated region (UTR) of STAT6 (Het ϭ 0.75). A previously reported CA repeat in the 5ЈUTR was found to be polymorphic in our population (Het ϭ 0.62) ( Table 1) . No coding variants of STAT6 were detected. The SNPs and repeats detected were used to generate haplotypes from the population data (Table 2 ). The SNPs for IL4RA spanned the coding region and thus may yield informative haplotypes. Because repeats are more informative in resolving ambiguous haplotypes, the data for the repeats were also used to compute the haplotypes (Table 2) . Because the Phase algorithm was developed for closely linked markers, it is possible that the two repeat regions (R1 and R2 are 74 kbp and 49.3 kbp downstream of the 3ЈUTR, respectively) may yield inaccurate estimates of the haplotypes. However, simulations have demonstrated that this program can accurately estimate haplotypes to a range of 0.1 cM (approximately 100 kbp) (Stephens et al. 2001) . Approximately 52% of the total IL4RA haplotypes and 76% of the STAT6 haplotypes are presented in Table 2 . The remaining haplotypes were found to occur in lower frequencies and therefore are not presented. All these haplotypes need to be confirmed in larger family samples to show inheritance and familial segregation. LD was estimated between the markers of the IL4RA and STAT6 genes and was found to be significant (Table 3) . However, the repeat markers, R1 and R2, do not seem to be in LD with the SNPs in the IL4RA gene. This is the first report of the LD estimates over the complete coding region.
In summary, we collected data in the Indian population on the presence of polymorphisms (SNPs, simple repeats, and AluY) of IL4RA and STAT6 spanning a total of 147 kb. Because ethnic differences are well documented to play a major role in association studies, it is important to verify and identify polymorphisms in the particular population under study. Hence, the polymorphisms and haplotypes reported here would be valuable for genetic association studies involving the STAT6 and IL4RA genes.
